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ABSTRACT 

The  synthesis  and  "living"  cationic  polymerization  of  (2R,  3S)-2-fluoro-3-methylpentyl 
4'-(8-vinyloxyoctyloxy)biphenyl-4-carboxylate  (11-8)  are  described.  Poly(ll-8)s  with  degrees 
of  polymerization  from  4.3  to  15.7  and  polydispersities  <1.19  were  synthesized  and  characterized 
by  differential  scanning  calorimetry  (DSC)  and  thermal  optical  polarized  microscopy.  All 
poly(ll-8)s  exhibit  an  enantiotropic  Sc*  and  an  unidentified  smectic  (Si)  phase.  Poly(ll-8)s 
with  DP>11.5  exhibit  an  additional  enantiotropic  unidentified  smectic  (S2)  phase.  No  Sa  phase 
could  be  detected  in  any  of  poly(ll-8)s.  The  nature  of  mesophases  exhibited  by  poly(ll-8)  was 
confirmed  by  the  investigation  of  the  phase  diagram  of  the  copolymers  prepared  from  11-8  and 
(2R,  3S)-2-fluoro-3-methylpentyl  4'-(ll-vinyloxyundecanyloxy)biphenyl-4-carboxylate  (11-11). 
The  Sc*  phase  of  these  copolymers  displays  a  continuous  dependence  of  copolymer 
composition. 


t  Part  29  in  this  series;  Ref.  la.  The  definition  of  "living"  is  presented  in  Ref.  lb. 
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INTRODUCTION 

Liquid  crystalline  polymers  exhibiting  chiral  mesophases,  such  as  cholesteric^  and  chiral 
smectic  C  (Sc*)^  are  of  both  theoretical  and  technological  interest.  We  have  performed  a  series 
of  systematic  investigations  aimed  to  derive  empirical  rules  useful  for  the  molecular  engineering 
of  side  chain  liquid  crystalline  polymers  displaying  a  Sc  mesophase.^  In  these  investigations, 
we  have  used  "living"  cationic  polymerization  of  mesogenic  vinyl  ethers  for  the  synthesis  of  side 
chain  liquid  crystalline  polymers.  "Living"  cationic  polymerization  can  produce  polymers  with 
well  defined  molecular  weight  and  narrow  molecular  weight  distribution  in  the  presence  of  a 
variety  of  functional  groups  and  therefore,  it  provides  access  to  the  elucidation  of  the  influence  of 
molecular  weight  and  spacer  length  on  the  formation  of  various  mesophases. ^ 

In  recent  years,  there  has  been  a  continuing  and  increasing  interest  in  the  study  of  chiral 
side  chain  liquid  crystalline  polymers  and  a  variety  of  polymers  with  new  structures  have  been 
synthesized  and  reported.^‘34  Some  of  them  show  a  complex  phase  behavior^ including 
antiferroelectric^^  and  twisted  smectic  A  phases.^4 

The  goal  of  this  paper  is  to  describe  the  synthesis  and  "living"  cationic  polymerization  of 
(2R,  3S)-2-fluoro-3-methylpentyl  4'-(8-vinyloxyoctyloxy)biphenyl-4-carboxylate  (11-8)  and  its 
copolymerization  with  (2R,  3S)-2-fluoro-3-methylpentyl  4’-(l  1-vinyloxyundecanyl- 
oxy)biphenyl-4-carboxylate  (11-11).  The  mesomorphic  behavior  of  the  resulting  polymer 
poly(ll-8)  and  copolymer  poly[(ll-8)-ct?-(ll-ll)]  will  be  discussed  as  a  function  of  molecular 
weight  and  copolymer  composition. 

EXPERIMENTAL  SECTION 
Materials 

L-Isoleucine  [(2S,3S)-(+)-2-amino-3-methylpentanoic  acid,  99%],  tetrabutylammonium 
fluoride  hydrate  (n-Bu4NF-xH20,  98%)  and  tetrabutylammonium  hydrogen  sulfate  (TBAH, 
98%)  (all  from  Aldrich)  were  used  as  received. 
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NaN02  (Fisher)  was  dried  at  140°C  under  vacuum  for  40  hours  before  each  use. 
Trifluoromethanesulfonic  anhydride  was  prepared  from  CF3SO3H  (Lancaster,  98+%)  and  P2O5 
according  to  a  literature  procedure.^^ 

Pyridine  was  heated  overnight  at  100°C  over  KOH,  distilled  from  KOH,  and  then  stored 
over  KOH.  CH2CI2  was  refluxed  over  CaH2  overnight  and  distilled  from  CaH2.  Dimethyl 
sulfoxide  (DMSO)  was  heated  overnight  at  100°C  over  CaH2,  distilled  from  CaH2  under 
vacuum,  and  stored  over  molecular  sieves  4A.  Tetrahydrofuran  (THF)  was  first  distilled  from 
LiAlH4  and  further  dried  over  Na/benzophenone. 

CH2CI2  used  as  polymerization  solvent  was  first  washed  with  concentrated  H2SO4 
several  times  until  the  acid  layer  remained  colorless,  then  washed  with  water,  dried  over  MgS04, 
refluxed  over  CaH2,  and  freshly  distilled  under  argon  before  each  use.  (CH3)2S  used  in  these 
polymerizations  (Aldrich,  anhydrous,  99+%,  packed  under  nitrogen  in  Sure/Seal  bottle)  was  used 
as  received.  CF3SO3H  used  as  a  polymerization  initiator  (Aldrich,  98%)  was  distilled  under 
vacuum. 

All  other  materials  were  commercially  available  and  were  used  as  received. 

Techniques 

^H-NMR  spectra  were  recorded  on  a  Varian  XL-200  (200  MHz)  spectrometer. 

Relative  molecular  weights  of  polymers  were  determined  by  gel  permeation 
chromatography  (GPC).  GPC  analyses  were  carried  out  with  a  Perkin-Elmer  Series  lOLC 
instrument  equipped  with  an  LC-lOO  column  oven  and  a  Nelson  Analytical  900  Series  data 
station.  Measurements  were  made  by  using  a  UV  detector,  THF  as  solvent  (Iml/min,  40°C),  a 
set  of  PL  gel  columns  of  5x10^  and  10^ A,  and  a  calibration  plot  constructed  with  polystyrene 
standards. 

A  Perkin-Elmer  DSC-4  differential  scanning  calorimeter  equipped  with  a  TADS  data 
station  was  used  to  determine  the  thermal  transition  temperatures,  which  were  reported  as  the 
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maxima  and  minima  of  their  endothermic  or  exothermic  peaks,  respectively.  In  all  cases,  heating 
and  cooling  rates  were  20°C/min. 

A  Carl- Zeiss  optical  polarizing  microscope  equipped  with  a  Mettler  FP-82  hot  stage  and  a 
Mettler  FP-80  central  processor  was  used  to  observe  the  thermal  transitions  and  to  analyze  the 
anisotropic  textures. 

Synthesis  of  monomers 

Monomers  11-8  and  11-11  were  synthesized  from  L-isoleucine  according  to  the  reaction 
pathway  outlined  in  Scheme  1.  The  syntheses  and  characterization  of  compounds  2  through  10-n 
(n=8,  11)  and  of  monomer  11-11  were  described  in  detail  previously 
QR.  3SV2-Fluoro-3-methylpentyl  4'-('8-Vinyloxvoctyloxyibiphenyl-4-carboxvlate  (11-8) 

A  mixture  of  9  (3.70g,  11.7mmol),  anhydrous  K2CO3  (4.04g,  29.2mmol)  and  acetone 
(70ml)  was  stirred  at  60°C  under  a  nitrogen  atmosphere  for  2  h.  To  the  resulting  yellow  solution 
was  added  a  solution  of  10-8  (2.75g,  11.7mmol)  in  dry  DMSO  (3.5ml)  and  stirring  was 
continued  at  60°C  for  20  h.  The  mixture  was  poured  into  water  and  the  product  was  extracted 
into  diethyl  ether  twice.  The  combined  ethereal  extracts  were  dried  over  anhydrous  MgS04. 
The  solvent  was  evaporated  and  the  remaining  crude  product  was  purified  by  column 
chromatography  twice  (silica  gel;  hexane-ethyl  acetate  20:1  and  10:1)  to  yield  a  white  solid 
(2.81g,  51.0%).  Purity:  >99%  (HPLC).  The  transition  temperatures  (°C)  are:  K  44.4  54.3 

Sa  69.1  I  on  heating  and  I  64.5  Sa  50.0  Sc*  29.4  Sx  21.0  K  on  cooling  (DSC).  ^H-NMR 
(CDCI3,  TMS):  5  0.97  (t,  J=7.1Hz,  3H,  CH3CH2-),  1.04  (d,  J=6.8Hz,  3H,  -CH(CH3)-),  1.38  (bs, 
9H,  CH3CH2-,  CH2=CH0CH2CH2(CH2)4-),  1.55-1.75  (m,  3H,  CH3CH2-,  CH2=CHOCH2CH2- 
),  1.75-1.97  (m,  3H,  -CH(CH3)-,  -CH2CH20Ph-),  3.68  (t,  J=6.5Hz,  2H,  CH2=CHOCH2-),  3.98 
(dd,  J=6.9  and  1.9Hz,  IH,  CH2=CHO-  trans),  4.01  (t,  J=5.4Hz,  2H,  -CH20Ph-),  4.18  (dd,  1=14.3 
and  1.9Hz,  IH,  CH2=CHO-  cis),  4.39-4.67,  4.79-4.93  (m,  3H,  -CHFCH2O-),  6.48  (dd,  1=14.3 
and  6.9Hz,  IH,  CH2=CHO-),  6.99  (d,  l=8.8Hz,  2ArH,  ortho  to  -(CH2)80-),  7.57  (d,  l=8.8Hz, 
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2ArH,  meta  to  -(CH2)80-),  7.64  (d,  J=8.4Hz,  2ArH,  meta  to  -C00-),  8.12  (d,  J=8.4Hz,  2ArH, 
ortho  to  -COO-). 

Cationic  Polymerization 

Polymerizations  and  copolymerizations  were  carried  out  in  a  three-necked  round  bottom 
flask  equipped  with  a  Teflon  stopcock  and  rubber  septa  under  an  argon  atmosphere  at  0°C  for  1 
hour.  All  glassware  was  dried  overnight  at  140°C.  The  monomer  was  further  dried  under 
vacuum  overnight  in  the  polymerization  flask.  After  the  flask  was  filled  with  argon,  freshly 
distilled  dry  CH2CI2  was  added  via  a  syringe  and  the  solution  was  cooled  to  0°C.  (CH3)2S  and 
CF3SO3H  were  then  added  carefully  via  a  syringe.  The  monomer  concentration  was  about  0.224 
M  and  the  (CH3)2S  concentration  was  10  times  larger  than  that  of  CF3SO3H.  The  polymer 
molecular  weight  was  controlled  by  the  monomer/initiator  ([M]o/[I]o)  ratio.  After  quenching  the 
polymerization  with  a  mixture  of  NHqOFl  and  methanol  (1:2),  the  reaction  mixture  was  poured 
into  methanol  to  give  a  white  precipitate.  The  obtained  polymer  was  purified  by  reprecipitation 
by  pouring  its  chloroform  solution  into  methanol,  and  dried  under  vacuum. 

RESULTS  AND  DISCUSSION 
Polymerization  of  11-8 

The  optical  purity  of  monomer  11-8  was  determined  as  reported  previously for  the  C2 
chiral  center  and  is  2R  96%  (92%  ee).  As  has  been  demonstrated  previously, no  racemization 
takes  place  during  the  polymerization  process.  The  optical  purity  derived  from  the  C3  chiral 
center  was  not  determined. 

The  homopolymerization  of  11-8  is  outlined  in  Scheme  2.  All  polymerizations  were 
carried  out  at  0°C  in  CH2CI2  by  a  "living"  cationic  polymerization  technique  using 
CF3S03H/(CH3)2S  as  an  initiating  system.  Previous  work  in  our^^  and  other^^  laboratories  has 
shown  that  the  CF3SO3H  initiated  polymerization  of  vinyl  ethers  in  the  presence  of  a  Lewis  base 
such  as  (CH3)2S  gives  well  defined  polymers  with  controlled  molecular  weights  and  narrow 
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polydispersities.  The  polymerization  mechanism  is  discussed  in  detail  in  previous 
publications.'^’^’^^ 

The  characterization  of  poly(ll-8)  by  gel  permeation  chromatography  (GPC)  and 
differential  scanning  calorimetry  (DSC)  is  summarized  in  Table  I.  The  low  polymer  yields  are 
the  result  of  the  loss  of  polymer  during  purification.  Relative  number- average  molecular  weights 
of  polymers  determined  by  GPC  exhibit  a  linear  dependenee  on  the  initial  molar  ratio  of 
monomer  to  initiator  ([M]o/[I]o)  as  shown  in  Figure  1.  All  polydispersities  are  less  than  1.19. 
The  [M]o/[I]o  ratio  provides  a  good  control  of  the  polymer  molecular  weight.  All  these  features 
support  the  typical  characteristics  of  a  "living"  polymerization  reaction.  The  absolute  number- 
average  molecular  weights  were  difficult  to  determine  by  iR-NMR  spectroscopy  from  the  chain 
ends  of  the  polymer  owing  to  signal  overlap. 

The  mesomorphic  behavior  of  poly(ll-8)  was  investigated  by  DSC  and  thermal  optical 
polarized  microscopy.  Figures  2  presents  the  DSC  thermograms  of  poly(ll-8)  with  various 
degrees  of  polymerization  (DP).  The  dependence  between  transition  temperatures  and  DP  is 
plotted  in  Figure  3.  All  virgin  polymers  except  the  one  with  DP=4.3  are  crystalline  and  exhibit  a 
crystalline  melting  peak  on  the  first  heating  scan.  However,  on  the  subsequent  cooling  and 
heating  scans  all  polymers  exhibit  enantiotropic  Sc*  and  Si  (higher  order  smectic)  mesophases. 
For  polymers  with  DP>11.5,  an  additional  enantiotropic  smectic  phase  (S2)  is  observed  in 
between  the  Si  and  Sc*  phases.  The  formation  of  the  S2  phase  can  be  explained  by  the  fact  that 
the  S2-Sc*  transition  temperature  has  a  stronger  dependence  on  molecular  weight  than  that  of  the 
Si-Sc*  transition  temperature.  It  is  interesting  to  note  that  poly(ll-8)s  do  not  show  a  Sa 
mesophase.  Even  when  DSC  experiments  were  performed  at  lower  heating  and  cooling  rates 
(<10°C/min),  the  transition  peak  between  Sc*  and  isotropic  phases  did  not  split  into  two  peaks 
and  therefore,  no  evidence  for  the  existence  of  the  Sa  phase  was  obtained.  In  the  thermal 
microscope  analysis  of  poly(ll-8)  with  DP=1 1.5,  for  example,  a  focal  conic  texture  accompanied 
by  equidistant  lines  forms  directly  from  an  isotropic  liquid  as  shown  in  Figures  4a  and  4b. 
Representative  textures  displayed  by  the  Sc*  and  S2  mesophases  are  presented  in  Figures  4c  and 
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4d,  respectively.  The  nature  of  the  Si  and  S2  phases  was  not  identified.  In  a  previous 
publication,  we  described  the  synthesis  and  "living"  cationic  polymerization  of  (R)-  and  (S)-2- 
fluoro-4-methylpentyl  4'-(8-vinyloxyoctyloxy)biphenyl-4-carboxylate  (12-8).^^  The  structural 
difference  between  11-8  and  12-8  lies  only  in  the  position  of  the  terminal  methyl  group  as  11-8  is 
derived  from  isoleucine,  while  12-8  is  derived  from  leucine.  A  comparison  of  the  phase  behavior 
of  poly(ll-8)  with  that  of  poly(12-8)  seems  to  indicate  that  the  position  of  the  methyl  group  has 
little  effect  on  the  phase  behavior  of  these  two  polymers,  since  both  poly(ll-8)  and  poly(12-8) 
display  almost  identical  DSC  traces  irrespective  of  their  DPs.  Poly(12-8)  also  did  not  show  a  S  a 
phase,  and  this  was  confirmed  by  X-ray  diffraction  experiments.  Another  similar  example  in 
which  an  enantiotropic  Sc*  phase  directly  melts  into  and  forms  from  an  isotropic  phase  was 
reported  in  a  previous  publication  from  our  laboratory.'^*^ 

Copolymerization  of  11-8  with  11-11 

The  copolymerization  of  11-8  with  11-11  is  outlined  in  Scheme  3.  Attempts  were  made 
to  synthesize  poly[(ll-8)-co-(ll-ll)]  with  DP=20  over  the  entire  range  of  compositions.  The 
copolymerization  results  are  summarized  in  Table  II.  The  yields  reported  in  Table  II  are  lower 
than  quantitative  owing  to  the  polymer  loss  during  the  purification  process.  However,  all 
copolymerizations  lead  to  almost  quantitative  conversions  and  therefore,  the  copolymer 
composition  is  identical  to  that  of  the  monomer  feed.^  The  relative  number-average  molecular 
weight  of  copolymers  is  well  controlled  by  the  [M]o/[I]o  ratio  and  the  molecular  weight 
distribution  of  all  polymers  is  lower  than  1.13.  The  DSC  traces  of  poly[(ll-8)-co-(ll-ll)]  are 
presented  in  Figure  5.  The  thermal  transition  temperatures  determined  by  DSC  are  listed  in 
Table  II  and  plotted  against  copolymer  composition  in  Figure  6.  The  mesomorphic  behavior  of 
poly(ll-ll)  with  various  degrees  of  polymerization  was  reported  in  a  different  publication. 
All  poly(ll-ll)s  showed  enantiotropic  Sa,  Sc*  and  unidentified  higher  order  smectic  phases 
regardless  of  their  DP.  The  assignment  of  these  mesophases  was  confirmed  by  a  combination  of 
thermal  polarized  optical  microscopy  and  X-ray  diffraction  measurements.  It  is  clear  from 
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Figures  5  and  6  that  the  Sc*  mesophase  displays  a  continuous  dependence  over  the  entire 
copolymer  composition  range.  The  thermal  stability  of  the  Sc*  phase  is  enlarged  by 
copolymerization.  The  Si  phase  of  poly(ll-8)  seems  to  be  isomorphic  with  the  higher  order 
smectic  phase  of  poly(ll-ll).  The  Sa  phase  in  poly[(ll-8)-co-(ll-ll)](X/Y)  (where  X/Y  refers 
to  the  molar  ratio  of  the  two  structural  units)  appears  only  in  the  range  of  compositions  from 
X/Y=90/10  to  0/100  on  heating  and  from  X/Y=80/20  to  0/100  on  cooling,  confirming  the  fact 
that  poly(ll-8)  does  not  exhibit  a  Sa  mesophase.  Finally,  when  comparing  the  phase  behavior  of 
poly(ll-8)  with  that  of  poly(ll-ll),  it  can  be  concluded  that  a  higher  order  mesophase  is  favored 
towards  shorter  spacer  length.  The  same  trend  was  previously  reported  from  our  laboratory  in 
the  case  of  polymers  of  (2S,  3S)-2-chloro-3-methyl  4'-(co-vinyloxyalkoxy)biphenyl-4- 
carboxylate  with  undecanyl,  octyl  and  hexyl  alkyl  groups,4e4  whose  structure  is  identical  to  that 
of  11-n  (n=8,  1 1)  except  that  the  fluorine  atom  of  11-n  was  replaced  with  a  chlorine  atom. 

ACKNOWLEDGMENT 

Financial  support  by  the  Office  of  Naval  Research  is  gratefully  acknowledged. 

REFERENCES 

(1)  (a)  V.  Percec  and  Q.  Zheng,  Polym.  Bull.,  1994,  32,  249  ;  (b)  P.  Sigwalt,  A.  Polton  and  M. 
Tardi,  /.  Macromol.  Sci.  -  Pure  &  Appl.  Chem.,  1994,  A31, 953. 

(2)  V.P.  Shibaev  and  Y.S.  Freidzon,  in  Side  Chain  Liquid  Crystal  Polymers',  ed.  C.B.  McArdle, 
Chapman  and  Hall,  New  York,  1989,  p.  260. 

(3)  (a)  P.  LeBamy  and  J.C.  Dubois,  in  Side  Chain  Liquid  Crystal  Polymers,  ed.  C.B.  McArdle, 
Chapman  and  Hall,  New  York,  1989,  p.  130;  (b)  H.F.  Gleeson,  Ferroelectrics,  1992, 133, 
15;  (c)  E.  Chiellini,  G.  Galli,  F.  Cioni  and  E.  Dossi,  Makromol.  Chem.,  Macromol.  Symp., 
1993,69,51. 


8 


(4)  (a)  V.  Percec,  Q.  Zheng  and  M.  Lee,  J.  Mater.  Chem.,  1991, 1,  611;  (b)  V.  Percec,  Q. 

Zheng  and  M.  Lee,  J.  Mater.  Chem.,  1991, 1,  1015;  (c)  V.  Percec  and  Q.  Zheng,/.  Mater. 
Chem.,  1992,  2,  475;  (d)  V.  Percec  and  Q.  Zheng,  J.  Mater.  Chem.,  1992,  2,  1041. 

(5)  For  a  few  brief  reviews  on  the  molecular  engineering  of  side  chain  LCP  by  "living"  cationic 
polymerization  see:  (a)  V.  Percec  and  D.  Tomazos,  Adv.  Mater.,  1992,  4,  548;  (b)  V.  Percec 
and  D.  Tomazos,  Molecular  Engineering  of  Liquid  Crystalline  Polymers,  in 
Comprehensive  Polymer  Science,  First.  Suppl.,  ed.  G.  Allen,  Pergamon  Press,  Oxford, 

1992,  p.  299-383;  (c)  V.  Percec  and  D.  Tomazos,  in  Contemporary  Topics  in  Polymer 
Science,  Vol.  7,  Advances  in  New  Materials,  eds.  J.C.  Salamone  and  J.  Riffle,  Plenum 
Press,  New  York,  1992;  (d)  V.  Percec  and  D.  Tomazos,  Recent  Developments  in  Tailor- 
Made  Liquid  Crystalline  Polymers,  in  Frontiers  in  Macromolecular  Chemistry,  Special 
Issue  of  Indian  J.  Technol.,  1992, 31,  339-392. 

(6)  (a)  V.P.  Shibaev,  M.V.  Kozlovsky,  L.A.  Beresnev,  L.M.  Blinov  and  N.A.  Plate,  Polym. 
Bull,  1984, 12,  299;  (b)  V.P.  Shibaev,  M.V.  Kozlovsky,  N.A.  Plate,  L.A.  Beresnev  and 
L.M.  Blinov,  Vysokomolek.  Soed.,  1987, 29,  1470;  (c)  M.V.  Kozlovsky,  L.A.  Beresnev, 
S.G.  Kononov,  V.P.  Shibaev  and  L.M.  Blinov,  Solid  State  Physics,  1987,  29,  98;  (d)  V.P. 
Shibaev,  M.V.  Kozlovsky,  N.A.  Plate,  L.A.  Beresnev  and  L.M.  Blinov,  Liq.  Cryst.,  1990, 

8,  545. 

(7)  (a)  G.  Decobert,  F.  Soyer  and  J.C.  Dubois,  Polym.  Bull,  1985, 14,  179;  (b)  J.C.  Dubois,  G. 
Decobert,  P.L.  Bamy,  S.  Esselin,  C.  Friedrich  and  C.  Noel,  Mol.  Cryst.  Liq.  Cryst.,  1986, 
137,  349;  (c)  G.  Decobert,  J.C.  Dubois,  S.  Esselin  and  C.  Noel,  Liq.  Cryst.,  1986, 1,  307; 

(d)  J.M.  Guglielminetti,  G.  Decobert  and  J.C.  Dubois,  Polym.  Bull,  1986, 16, 411;  (e)  S. 
Esselin,  L.  Bosio,  C.  Noel,  G.  Decobert  and  J.C.  Dubois,  Liq.  Cryst.,  1987,  2,  505;  (f)  S. 
Esselin,  C.  Noel,  G.  Decobert  and  J.C.  Dubois,  Mol  Cryst.  Liq.  Cryst.,  1988, 155,  371. 

(8)  (a)  R.  Zentel,  G.  Reckert  and  B.  Reck,  Liq.  Cryst.,  1987,  2,  83;  (b)  S.  Bualek  and  R.  Zentel, 
Makromol.  Chem.,  1988, 189,  797;  (c)  S.  Bualek,  H.  Kapitza,  J.  Meyer,  G.F.  Schmidt  and 
R.  Zentel,  Mol  Cryst.  Liq.  Cryst.,  1988, 155, 47;  (d)  R.  Zentel,  Cryst.,  1988,  3,  531; 


9 


(e)  H.  Kapitza  and  R.  Zentel,  Makromol.  Chem.  1988, 189,  1793;  (f)  R.  Zentel,  G.  Reckert, 
S.  Bualek  and  H.  Kapitza,  Makromol.  Chem.,  1989, 190,  2869;  (g)  S.U.  Vallerien,  R. 

Zentel,  F.  Kremer,  H.  Kapitza  and  E.  W.  Fischer,  Makromol.  Chem.,  Rapid  Commun., 

1989, 10,  333;  (h)  S.U.  Vallerien,  F.  Kremer,  H.  Kapitza,  R.  Zentel  and  E.W.  Fischer, 
Ferroelectrics,  1990, 109,  273;  (i)  H.  Kapitza,  R.  Zentel,  R.J.  Twieg,  C.  Nguyen,  S.U. 
Vallerien,  F.  Kremer  and  C.G.  Willson,  Adv.  Mater.,  1990,  2,  539;  (j)  H.  Poths,  R.  Zentel, 
S.U.  Vallerien  and  F.  Kremer,  Mol.  Cryst.  Liq.  Cryst.,  1991,  203,  101;  (k)  H.  Kapitza,  H. 
Poths  and  R.  Zentel,  Makromol.  Chem.,  Macromol.  Symp.,  1991,  44,  117;  (1)  F.  Kremer, 
S.U.  Vallerien,  R.  Zentel  and  H.  Kapitza,  Makromol.  Chem.,  Macromol.  Symp.,  1991,  44, 
127;  (m)  A.  Schonfeld,  F.  Kremer,  S.U.  Vallerien,  H.  Poths  and  R.  Zentel,  Ferroelectrics, 
1991, 121,  69;  (n)  H.  Kapitza  and  R.  Zentel,  Makromol.  Chem.,  1991, 192,  1859;  (o)  T. 
Pakula  and  R.  Zentel,  Makromol.  Chem.,  1991, 192,  2401;  (p)  H.  Poths,  A.  Schonfeld,  R. 
Zentel,  F.  Kremer  and  K.  Siemensmeyer,  Adv.  Mater.,  1992, 4,  351;  (q)  R.  Zentel,  Polymer, 
1992, 33,  4040;  (r)  A.  Schonfeld,  F.  Kremer  and  R.  Zentel,  Liq.  Cryst.,  1993, 13,  403. 

(9)  (a)  S.  Uchida,  K.  Morita,  K.  Miyoshi,  K.  Hashimoto  and  K.  Kawasaki,  Mol.  Cryst.  Liq. 
Cryst.,  1988, 155,  93;  (b)  H.  Endo,  S.  Hachiya,  S.  Uchida,  K.  Hashimoto  and  K.  Kawasaki, 
Liq.  Cryst.,  1991,  9,  635;  (c)  K.  Yuasa,  S.  Uchida,  T.  Sekiya,  K.  Hashimoto  and  K. 
Kawasaki,  Ferroelectrics,  1991, 122,  53;  (d)  H.  Endo,  S.  Hachiya,  T.  Sekiya  and  K. 
Kawasaki,  L/^.  Cryst.,  1992, 12, 147;  (e)  H.  Endo,  S.  Hachiya  and  K.  Kawasaki,  Liq. 

Cryst.,  1993, 13,  721;  (f)  T.  Sekiya,  K.  Yuasa,  S.  Uchida,  S.  Hachiya,  K.  Hashimoto  and  K. 
Kawasaki,  Liq.  Cryst.,  1993, 14,  1255. 

(10)  T.  Suzuki  and  T.  Okawa,  Makromol.  Chem.,  Rapid  Commun.,  1988,  9,  755. 

(11)  N.  Koide,  K.  Uehara  and  K.  limura.  Mol.  Cryst.  Liq.  Cryst.,  1988, 157,  151. 

(12)  (a)  P.  Keller,  Ferroelectrics,  1988,  85,  425;  (b)  K.  Flatischler,  L.  Komitov,  K.  Skarp  and  P. 
Keller,  Mol.  Cryst.  Liq.  Cryst.,  1991,  209,  109. 


10 


(13)  (a)  D.M.  Walba,  P.  Keller,  D.S.  Parmar,  N.A.  Clark  and  M.D.  Wand,  J.  Am.  Chem.  Soc., 
1989,  111,  8273;  (b)  D.S.  Parmar,  N.A.  Clark,  P.  Keller,  D.M.  Walba  and  M.D.  Wand,  J. 
Phys.,  Paris,  1990, 51,  355. 

(14)  (a)  G.  Scherowsky,  A.  Schliwa,  J.  Springer,  K.  Kiihnpast  and  W.  Trapp,  Liq.  Cryst.,  1989, 

5,  1281;  (b)  S.U.  Vallerien,  F.  Kremer,  G.  Scherowsky,  A.  Schliwa,  K.  Kiihnpast  and  E.W. 
Fischer,  Liq.  Cryst.,  1990,  8,  719;  (c)  H.J.  Coles,  H.F.  Gleeson,  G.  Scherowsky  and  A. 
Schliwa,  Mol.  Cryst.  Liq.  Cryst.,  Lett.,  1990,  7,  117;  (d)  H.J.  Coles,  H.F.  Gleeson,  G. 
Scherowsky,  and  A.  Schliwa,  Mol.  Cryst.  Liq.  Cryst.,  Lett.,  1990,  7,  125;  (e)  G. 

Scherowsky,  A.  Beer  and  H.J.  Coles,  Liq.  Cryst.,  1991, 10,  809;  (f)  N.  Eber,  L.  Bata,  G. 
Scherowsky  and  A.  Schliwa,  Ferroelectrics,  1991, 122,  139;  (g)  G.  Scherowsky,  K. 
Griineberg  and  K.  Kiihnpast,  Ferroelectrics,  1991, 122,  159;  (h)  G.  Scherowsky, 

Makromol.  Chem.,  Macromol.  Symp.,  1993,  69,  87;  (i)  A.  Schonfeld,  F.  Kremer,  A. 
Hofmann,  K.  Kiihnpast,  J.  Springer  and  G.  Scherowsky,  Makromol.  Chem.,  1993, 194, 
1149. 

(15)  (a)  T.  Kitazume,  T.  Ohnogi  and  K.  Ito,  J.  Am.  Chem.  Soc.,  1990, 112,  6608;  (b)  T. 

Kitazume  and  T.  Ohnogi,  J.  Fluorine  Chem.,  1990, 47,  459. 

(16)  (a)  M.  Dumon,  H.T.  Nguyen,  M.  Mauzac,  C.  Destrade,  M.F.  Achard  and  H.  Gasparoux, 
Macromolecules,  1990,  23,  357;  (b)  M.  Dumon,  H.T.  Nguyen,  M.  Mauzac,  C.  Destrade  and 
H.  Gasparoux,  Liq.  Cryst.,  1991, 10, 475. 

(17)  K.  Takahashi,  S.  Matsumoto,  S.  Tsuru  and  F.  Yamamoto,  Mol.  Cryst.  Liq.  Cryst.,  Lett., 
1991,8,  33. 

(18)  A.  Jakli  and  A.  Saupe,  Liq.  Cryst.,  1991, 9,  519. 

(19)  J.  Naciri,  S.  Pfeiffer  and  R.  Shashidhar,  Liq.  Cryst.,  1991, 10,  585. 

(20)  (a)  L.  Bata,  K.  Fodor-Csorba,  J.  Szabon,  M.V.  Kozlovsky  and  S.  Holly,  Ferroelectrics, 
1991, 122,  149;  (b)  M.V.  Kozlovsky,  K.  Fodor-Csorba,  L.  Bata  and  V.P.  Shibaev,  Eur. 
Polym.  J.,  1992,  28,  901;  (c)  M.V.  Kozlovsky,  S.G.  Kononov,  L.M.  Blinov,  K.  Fodor- 
Csorba  and  L.  Bata,  Eur.  Polym.  J.,  1992, 28, 907. 


11 


(21)  (a)  E.  Chiellini,  G.  Galli  and  F.  Cioni,  Ferroelectrics,  1991, 114,  223;  (b)  E.  Chiellini,  G. 
Gain,  F.  Cioni,  E.  Dossi  and  B.  Gallot,  J.  Mater.  Chem.,  1993,  3,  1065. 

(22)  B.  Messner  and  H.  Finkelmann,  Makromol.  Chem.,  1991, 192,  2383. 

(23)  (a)  V.  Percec,  C.-S.  Wang  and  M.  Lee,  Polym.  Bull.,  1991,  26,  15;  (b)  V.  Percec  and  C.-S. 
Wang,  J.  Macromol.  Sci.,  Chem.,  1991,  A28,  687;  (c)  V.  Percec  and  C.-S.  Wang,  J. 
Macromol.  Sci.,  Chem.,  1992,  A29, 99. 

(24)  (a)  C.-S.  Hsu,  J.-H.  Lin,  L.-R.  Chou  and  G.-H.  Hsiue,  Macromolecules ,  1992,  25,  7126;  (b) 
C.-S.  Hsu,  L.-J.  Shih  and  G.-H.  Hsiue,  Macromolecules,  1993,  26,  3161. 

(25)  (a)  M.  Tabrizian,  C.  Bunel,  J.-P.  Vairon,  C.  Friedrich  and  C.  Noel,  Makromol.  Chem., 

1993, 194,  689;  (b)  M.  Tabrizian,  C.  Bunel,  J.-P.  Vairon,  C.  Friedrich  and  C.  Noel, 
Makromol.  Chem.,  1993, 194,  891. 

(26)  (a)  1.  G.  Shenouda  and  L.-C.  Chien,  Macromolecules,  1993,  26,  5020;  (b)  L.-C.  Chien,  I.G. 
Shenouda,  A.  Saupe  and  A.  Jakli,  Liq.  Cryst.,  1993, 15,  497. 

(27)  N.  F.  Cooray,  M.  Kakimoto,  Y.  Imai  and  Y.  Suzuki,  Polym.  J.,  1993,  25,  863. 

(28)  M.  Ozaki,  M.  Utsumi,  K.  Yoshino  and  K.  Skarp,  Jpn.  J.  Appl.  Phys.,  1993, 32,  L852. 

(29)  W.  Tsai,  H.  Kuo  and  S.  Yang,  Liq.  Cryst.,  1994, 16,  143. 

(30)  (a)  S.  Ujiie  and  K.  limura,  Chem.  Lett.,  1989,  2217;  (b)  S.  Ujiie  and  K.  limura,  Chem.  Lett., 
1990,  1031;  (c)  S.  Ujiie  and  K.  limura,  Polym.  J.,  1991, 23,  1483. 

(31)  (a)  K.  Fujishiro,  A.D.  Pajerski  and  R.W.  Lenz,  Liq.  Cryst.,  1992, 12,  417;  (b)  K.  Fujishiro 
and  R.W.  Lenz,  Liq.  Cryst.,  1992, 12,  561. 

(32)  (a)  K.  Kiihnpast,  J.  Springer,  P.  Davidson  and  G.  Scherowsky,  Makromol.  Chem.,  1992, 
193,  3097;  (b)  K.  Kiihnpast,  J.  Springer,  G.  Scherowsky,  F.  GieBelmann  and  P. 
Zugenmaier,  Liq.  Cryst.,  1993, 14,  861;  (c)  P.  Davidson,  K.  Kiihnpast,  J.  Springer  and  G. 
Scherowsky,  Liq.  Cryst.,  1993, 14, 901. 

(33)  (a)  K.  Skarp,  G.  Andersson,  S.T.  Lagerwall,  H.  Kapitza,  H.  Poths  and  R.  Zentel, 
Ferroelectrics,  1991, 122,  127;  (b)  G.  Scherowsky,  K.  Kiihnpast  and  J.  Springer, 
Makromol.  Chem.,  Rapid  Commun.,  1991, 12,  381;  (c)  J.  Bomelburg,  G.  Heppke  and  J. 


12 


Hollidt,  Makromol.  Chem.,  Rapid  Commun.,  1991, 12, 483;  (d)  H.  Mensinger,  A.  Biswas 
and  H.  Poths,  Macromolecules,  1992,  25,  3156;  (e)  I.  Nishiyama  and  J.W.  Goodby,  J. 
Mater.  Chem.,  1993,  3,  169. 

(34)  E.C.  Bolton,  D.  Lacey,  P.J.  Smith  and  J.W.  Goodby,  Liq.  Cryst.,  1992, 12,  305. 

(35)  (a)  J.  Burdon,  I.  Farazmand,  M.  Stacey  and  J.C.  Tatlow,  J.  Chem.  Soc.,  1957,  2574;  (b)  P.J. 
Stang,  M.  Hanack  and  L.R.  Subramanian,  Synthesis,  1982,  85. 

(36)  V.  Percec,  H.  Oda,  P.L.  Rinaldi  and  D.R.  Hensley,  Macromolecules,  1994,  27,  12. 

(37)  (a)  V.  Percec,  M.  Lee  and  H.  Jonsson,  J.  Polym.  Sci:  Part  A:  Polym.  Chem.,  1991,  29,  327; 
(b)  V.  Percec  and  M.  Lee,  Macromolecules,  1991, 24, 1017;  (c)  V.  Percec,  M.  Lee,  P.L. 
Rinaldi  and  V.E.  Litman,  J.  Polym.  Sci:  Part  A:  Polym.  Chem.,  1992,  30, 1213. 

(38)  (a)  C.G.  Cho,  B.A.  Feit  and  O.W.  Webster,  Macromolecules,  1990,  23, 1918;  (b)  C.G.  Cho, 
B.A.  Feit  and  O.W.  Webster,  Macromolecules,  1992,  25,  2081;  (c)  C.H.  Lin  and  K. 
Matyjaszewski,  Polym.  Prepr.,  Am.  Chem.  Soc.  Div.  Polym.  Chem.,  1990,  31,  599. 

(39)  V.  Percec  and  H.  Oda,  Macromolecules,  1994,  27,  5821. 


13 


SCHEME  AND  FIGURE  CAPTIONS 

Scheme  1.  Synthesis  of  monomers  11-8  and  11-11. 
Scheme  2.  Cationic  polymerization  of  11-8. 


Scheme  3.  Cationic  copolymerization  of  11-8  with  11-11. 

Figure  1.  Dependence  of  the  number- average  molecular  weight  (Mn)  and  polydispersity 
(Mw/Mn)  of  poly(ll-8)  determined  by  GPC  on  the  [M]o/[I]o  ratio. 

Figure  2.  DSC  thermograms  (20°C/min)  of  poly(ll-8)  with  different  DP:  (a)  first  heating  scans; 
(b)  second  heating  scans;  (c)  first  cooling  scans. 

Figure  3.  The  dependence  of  phase  transition  temperatures  on  the  degree  of  polymerization  of 
poly(ll-8):  (a)  data  from  the  first  heating  scans;  (b)  data  from  the  second  heating 
scans;  (c)  data  from  the  first  cooling  scans. 

Figure  4.  Representative  optical  polarized  micrographs  of:  (a)  the  Sc*  mesophase  displayed  by 
poly(ll-8)  (DP=11.5)  upon  cooling  to  109°C;  (b)  the  Sc*  mesophase  displayed  by 
poly(ll-8)  (DP=11.5)  upon  cooling  to  106°C;  (c)  the  Sc*  mesophase  displayed  by 
poly(ll-8)  (DP=4.6)  upon  cooling  to  STC;  (d)  the  S2  mesophase  displayed  by 
poly(ll-8)  (DP=11.5)  upon  heating  to  63°C. 

Figure  5.  DSC  thermograms  (20'C/min)  of  poly[(ll-8)-co-(ll-ll)](X/Y)  with  different 

compositions:  (a)  first  heating  scans;  (b)  second  heating  scans;  (c)  first  cooling  scans. 

Figure  6.  The  dependence  of  the  phase  transition  temperatures  on  the  composition  of  poly[(ll- 
8)-co-(ll-ll)]:  (a)  data  from  the  first  heating  scans;  (b)  data  from  the  second  heating 
scans;  (c)  data  from  the  first  cooling  scans. 
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^  Polymerization  temperature;  0°C;  polymerization  solvent:  GH2CI2;  [M]o=0.224;  [Me2S]o/[I]o=10;  polymerization  time:  1  h. 
b  Heating  and  cooling  rates  are  20°C/min. 

Data  on  the  first  line  are  from  first  heating  and  cooling  scans.  Data  on  the  second  line  are  from  second  heating  scan, 
c  Overlapped  peak. 
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^  Polymerization  temperature:  0°C;  polymerization  solvent:  CH2CI2;  [M]o=[ll-8]+[ll-ll]=0.224;  [M]o/[I]o=20;  [Me2S]o/[I]o— lOj 
polymerization  time:  1  h. 
b  Heating  and  cooling  rates  are  20°C/min. 

Data  on  the  first  line  are  from  first  heating  and  cooling  scans.  Data  on  the  second  line  are  from  second  heating  scan. 

Overlapped  peak. 
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